Spin-resolved noise in transport through T-shaped double quantum dots 
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We investigate fluctuations of spin-dependent current tlirougli T-sliaped double quantum dots 
connected with ferromagnetic electrodes. Based on the spin-resolved master equation approach, 
we are able to analyze individual self or mutual spin correlation shot noises for different electrode 
magnetization configurations (parallel and antiparallel alignments). Owing to the modulation of the 
interdot coupling, as well as the interplay between the Coulomb interaction and spin polarization 
in the electrodes, a number of remarkable noise behaviors, such as super-Poissonian self spin corre- 
lation, positive or negative mutual spin correlation noises, are revealed. The associated underlying 
mechanisms responsible for these results are discussed. 

PACS numbers: 72.25.-b, 72.70.+m, 73.23.Hk, 73.23.-b 



I. INTRODUCTION 



Being stimulated by the efficient control of electron 
spin as well as its remarkably long coherence time, a 
growing interest has emerged in spin-dependent trans- 
port through open quantum dot (QD) systems. These 
spin-based nano-devices exhibit not only the fundamen- 
tal physics but also promising applications in the tech- 
nologies of spintronics and quantum information [Ij-i^j. A 
number of different mechanisms, such as ferromagnetic 
resonance in a ferromagnetic-normal-metal, electron-spin 
resonance in a QD-based system with sizable Zeeman 
splitting, etc. have been proposed to produce spin- 
polarized current [Tt-fTlj . In this situation, transport is 
governed not only by the charge flow, but also, more im- 
portantly, by the spin dynamics. 

However, study of the spin current alone does not pro- 
vide enough spin-related information. A more effective 
method would be the measurement of spin current fluc- 
tuations. Complementary to the shot noise of charge 
current, which measures fluctuations of charge transport 
and can provides unique information beyond the average 
charge current [T^[l3|. the spin-resolved noise, due to the 
discreteness of the spin carrier, is more useful to describe 
spin correlation because the electronic wave packet with 
opposite spins is uninfluenced by the Pauli exclusion prin- 
ciple and only reflects unambiguous information about 
the interaction. The spin-resolved noise is shown to be 
capable of probing attractive or repulsive interactions in 
mesoscopic systems and measuring the spin relaxation 
time[l^. Through measurement of the spin current cor- 
relations, the spin unit of the quasiparticle in transport 
can be determined [TB|. For a quantum dot strongly cou- 
pled to a cavity field, the fluctuations of the spin current 
exhibit a clear signature of the discrete nature of the pho- 
ton states 01 • In the strong Coulomb blockade regime, 
shot noise of magnetically pumped spin current through 
a QD is found closely related to the magnetic Rabi fre- 



quency and spin decoherence jl7| . 

In this work we study spin-dependent transport 
through a system of two coupled quantum dots con- 
nected with ferromagnetic (FM) electrodes, as schemat- 
ically shown in Fig.[T] The coupled dots is arranged 
in special parallel geometry (so-called T-shaped double 
dots), where only QDl is connected to the electrodes [Tsl- 
[20l |. This type of setup itself is of particular interest, 
since it can be mapped onto resonant tunneling through 
an impurity inside the quantum well when the conducting 
level is tunnel coupled to other localized level, which in- 
deed has been investigated in a recent experiment ^2l| . 
By employing a spin-resolved master equation approach, 
which is obtained by proper extension to include spin de- 
grees of freedom |23l - l26l | . we are able to analyze individual 
self or mutual spin correlations, as well as the fluctua- 
tions of the total spin and charge currents for different 
(parallel and antiparallel) magnetization configurations 
of electrodes. The special arrangement of the QD2 in 
side-connection to QDI provides an additional path of 
electron propagation. Together with the interplay be- 
tween the Coulomb correlation and the spin polarization 
of the FM electrodes, a number of remarkable behaviors 
in spin-resolved noises will be revealed. Furthermore, 
these unique noise features can serve as additional tools 
in experiments for revealing the intrinsic interdot cou- 
pling, as well as the involving Coulomb interactions. 



II. MODEL DESCRIPTION 

The system under study is schematically shown in 
Fig.[T] The QDI is connected to the left and right FM 
electrodes whereas the QD2 is side-connected to the QDI. 
The entire Hamiltonian assumes 



H = Hb + Hs + H'. 



(1) 
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Here Hb = J2a=L,RJ2k,a '^^akc'lka^aka dcscrlbes the left 
and right electrodes, which are magnetically polarized. 
Caka {c'aka-) ^hc electron annihilation (creation) opera- 
tor of the electrode a = L or R, with spin ct = t or |. The 
FM electrodes are characterized by the spin-dependent 
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Y^aka {takcl^kadicr + H.c.) . Note that, due to spin po- 
larization of the electrodes, the tunnel coupling strength 
would become spin-dependent, i.e., with F^^ = ^(1 + 
Pa)Ta differing from T^i = ^(1 - Pa)'i^a, where Ta = 
'^'^Yk \tak\'^S{eak — is the total coupling strength re- 
gardless the spin orientation. 



III. FORMALISM 



FIG. 1: Schematic setup for spin-dependent transport 
through T-shaped double quantum dots connected with fer- 
romagnetic electrodes. 



density of states gaai'-o), which is assumed to be energy 
independent i.e. gao{'^) = gaa- Real ferromagnets will 
have a structured density of states [131 . This fact, how- 
ever, will only modify details of the results and not the 
main physical picture. The degree of spin polarization in 
the FM electrodes is simply determined by the parameter 
Pa = (5Qt~5a4-)/(.9at+5a4.), which Satisfies -1 ^ Pq ^ 1. 
The second Hamiltonian is for the coupled dots: 



E 

1=1,2 



a=t,i 



U'hifi2 



(2) 



Here hi^ = d]^dia and fii = X)o-^'<^' "^'^'^^ {d\^) the 
electron annihilation (creation) operator in QDl (^=1) 
or QD2 {1=2), and spin a =t or J,. Each dot only has 
one spin-degenerate level in transport. C/q and U' are 
respectively the intradot and interdot Coulomb interac- 
tions; and is the coupling strength between the two 
dots. Here, we consider the two dots in the double-dot 
Coulomb blockade (DDCB) regime, such that at most 
one electron can resides in the double dots. Experimen- 
tally, the above condition can be achieved by appropri- 
ately adjusting the applied bias voltage with respect to 
the intradot and interdot charging energies (25l[28|. 

The third Hamiltonian describes the coupling of 
the QDl to the electrodes, in terms of H' = 



In this section we outline the master equation approach 
for the calculation of the spin-resolved shot noise. The 
main point is to obtain the equation of motion for the 
conditional reduced density matrix of the central quan- 
tum dots, which is conditioned not only on the transmit- 
ted electron numbers, but also on their spins. 



A. Spin-resolved master equation 

To achieve the description of spin-dependent trans- 
port, we first extend the "n" -resolved quantum master 
equation[23-26] to include the spin degrees of freedom. 
Let us start with the reduced density matrix, defined as 
p{t) = TrB[pT(i)], i-e. tracing over the electrode states 
from the total density matrix. Assuming the tunneling 
Hamiltonian H' is weak, the second-order cumulant ex- 
pansion leads to the master equation 29| , 

p{t) = -iCp{t)- / dT{c'{t)g{t,T)c'{T)g^{t,T))p{t), 



(3) 

where the Liouvillian superoperators are defined as CA = 
[i7s,v4], L'A = and Q{t,T)A = G(t,T)AG'^ (I.t), 

with G(t, t) the usual propagator associated with the sys- 
tem Hamiltonian i?s- 

To condition the master equation on the spin of trans- 
mitted electrons [23l - [25j . we decompose the entire Hilbert 
space B of the left and right electrodes into the sum of the 

(n .n ) (n .n ) 

subspaces, ®Bj^ ' ^ , where Uaa is the number 

of electrons with spin-cr arrived at the electrode a (a=L 
or R). Partial tracing over electrode states in each sub- 
space leads to the spin-resolved quantum master equation 
for the reduced density matrix[26[. 
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H.c. 



(4) 
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TABLE I: Spin-dependent currents, as well as the total charge and spin currents for diflterent magnetic configurations: (i) 
parallel case (pL = Pn ~ p) and (ii) antiparallel case (jjl ~ — PR = p) ■ 

Currents ij^ I^^ ^l/r 

(l+p) erLFa erLFR eFj^Fj^ eFj^F^, 

Pi<^ P 2 4rL+rR 2 4rL+rR 4rL+rH P ^Ti^+t^ 

_ ^ „ ^„ (i-rtCi+pj^'erLrR (i+p)(i-p)^erLrR (i-p^)erLrR p(i-p^)erLrR 

-''L /^R P 8{i+p^)rL+2(i-p^)rR 8(i+p^)rL+2(i-p^)rR 4(i+p^)rL+(i-p^)rR 4(i+p^)rL+(i-p^)rR 



Here 



E.>cil]^{+£)d^,, and 



.(+) 

^"^ - E„>ci-U-C)d,.,, with cl^i,(±£) = 



r dtC^^K (t)e^'^^^ . The involved bath correlation func- 
tions are defined as C^^i,{t - r) = {fiA^) I aa' {t)) and 

C'wl^ - 't) = (/a^W/L'M)' with /"-^ = Y^k^aaCaka 

and (•••)= TrB[(- • • )p-s\ standing for the usual meaning 
of thermal bath average. 



B. Spin-dependent currents 

With the knowledge of the above conditional state, 
the joint probability distribution function is obtained as 

PlQ^^l'^.t] EE Trp^"u-"S^\ where Tr(- • • ) denotes the 
trace over the system states. It allows us to evaluate the 
spin-cr dependent current through the junction a 



"Lt.^Li "Rf"R4- 



(5) 

with = „ „ „ UatrP i^'"^ . Based on 

Eq. @ , it can be calculated via its equation of motion 



\, a' a' 

+ \d\,p{t)A^+J - Ai-Jp{t)d\,] + H.c. I . (6) 



Straightforwardly, it leads to 

II = ^eTr { [d\,A<^-J - A^+)d\,] p{t) + H.c. } , (7) 

where p{t) is the unconditional density matrix that sat- 
isfies Eq. dS]), or 

p{t) = -iCp{t)-\Y.[[d\^,A\^Jp{t)^p{t)A'^+j] +H.C.} 

Q.(7 

(8) 



C. Spin-dependent noises 

Note that the total charge and spin currents through 
junction a are = ll+li and PJ' ^ ll-I^. The total 
charge current noise and spin current noise can then be 
expressed as 
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(9a) 
(9b) 



where the individual spin-resolved noise spectrum is de- 
fined as SZ,iu;) ee JZ,dtcos{u;t){{AI^{t), AI^', {0)}}, 
with AI^{t) = I^{t) ~ I^. In the following, fluctuation 
between the same or opposite spin currents is referred to 
as self or mutual spin correlation shot noise, respectively. 
Based on the MacDonald's formula [30l - l32j . it follows that 

5^^; (w) = 2w dt sin(wO - [MZ> {t) - rji, t^] , 

(10) 

where is the stationary current ob- 

tained from Eq. ©, and M^'^,{t) = 

e'E„,„„,„„R„„R,«o^"aV'P[CS;";:i)'^]- Using 
the spin-resolved master equation Q , one finds 



IaO' = \e'Tr{[dlA(J-AWdl]N^^,{t) 
+ [dLA'2'-A':idl]K{t) 

+ +^it^4jPst<5aa"5.a' +H.C.}, 

(11) 

where (t) can be found from Eq. ^ , and pst is the 
stationary solution of the master equation (jSj. Specially, 
the zero-frequencyspin-resolved noise which is of most 
interest reads [13, IM IMl, HI 



(12) 



So far we have outlined a compact formalism for spin- 
dependent transport through mesoscopic systems, based 
on the standard second-order Born-Markov approxima- 
tion. This approach, which can be considered as a finite 
temperature and voltage extension of the "n" -resolved 
quantum Bloch-type equation proposed by Gurvitz and 
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FIG. 2; Currents versus spin polarization p for parallel case (a)-(d), and antiparallel case (e)-(h). The coupling strengths are 
chosen to be Fl = Fr — F. 



Pragerfs^ , has the advantages of its simplicity of treating 
properly a broad range of dissipation, as well as its trans- 
parency in the involved dynamics and many-body inter- 
actions. As will be shown in the following, this approach 
can be efficiently used to study the spin-dependent trans- 
port phenomena, say, not only the spin-dependent cur- 
rents, but also their noise properties. 



IV. CURRENT CHARACTERISTICS 

In the following, we consider two magnetic configu- 
rations, (i) Parallel case: pL = PR = P- The spin- 
dependent coupling strength can be expressed in terms 
of spin polarization as Pat/i ~ ^(^ ^PWa with a =L or 
R. (ii) Antiparallel case: pl — —pR = P- The strength of 
tunneling coupling thus reads Pl^/j. = |(1 ip)rL, and 
TRt/i = 5(1 Tp)rR, respectively. 

In the regime of large bias voltage and low tempera- 
ture, electrons only transport in one direction, say, from 
left electrode to the right one. The Fermi functions rel- 
evant to the transport processes can be approximated 
by either one or zero. Then simple expressions for the 
stationary spin-dependent currents, as well as the total 
charge and spin currents are available, as listed in ta- 
ble m Numerical results for the currents are presented 
in Fig. [5] as a function of spin polarization p. The main 
features found here are summarized as follows: (i) there 
exists a symmetry relation between ^l/r ^^'^ ^l/r' '^tiich 
makes us only need to consider one of them; (ii) the total 
charge currents i^/pj^ are symmetric about the axis p — 0; 

and (iii) the total spin currents ^l/r "-"^"^ functions of 
p. Detailed features of the currents in both parallel and 
antiparallel cases are presented in the following. 



The results for the parallel configuration are shown in 
Fig.[5fa)-(d). As the polarization of the FM electrodes 
is gradually altered from p — —1 to p = 1, the rate of 
tunneling a spin-up (spin-down) electron is increased (re- 
duced). The spin- up (spin-down) current increases (de- 
creases) linearly with the spin polarization p, as shown in 
Fig.IHa) and (b). Thus the total charge current, which is 
the sum of these two current, is constant [see Fig.[2][c)]. 
The total spin current, being the difference of the two 
currents, therefore increases linearly with the polariza- 
tion p, as displayed in Fig.[2jd). 

For the antiparallel case, the magnetization directions 
of the two electrodes are opposite to each other. The 
spin currents vanish as the polarization p ±1. Let us 
consider, for instance, the spin-up current, which can be 
readily expressed as = PliPo with pQ the probability 
of the coupled dot being empty. As the polarization p 
changes from —1 to 1, the probability po first increases 
from zero to its maximum value at p — 0, and then de- 
creases to zero, while the rate of tunneling a spin- up elec- 
tron PLf increases linearly. This leads to the unique fea- 
ture of the spin-up current, as shown in Fig.[21[e). The 
overall structure of the total charge and spin currents, 
as displayed in Fig.[2Jc) and (d), can be understand in 
terms of the individual spin currents. 

Remarkably, in both parallel and antiparallel configu- 
rations all the currents are independent of the level mis- 
match A = El — E2 and the interdot coupling strength 
r2. Hereafter, by investigating the spin-resolved noises, 
we explore in detail the effect of interdot coupling, as 
well as the interplay between Coulomb correlations and 
the spin polarization of the FM electrodes. 
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FIG. 3: Self spin correlation noises in parallel configuration for different interdot couplings: Q — O.IT (solid curve), fl = 0.2r 
(dashed curve), = F (dotted curves), and f2 = 5F (dash-dotted curve). Here we choose Fl = Fr = F, A = 0. 



V. NOISE CHARACTERISTICS 

In this section, instead of using the circuit noisefl^ 
Issl . [3^, we will investigate various fluctuations of spin 
currents through left or right junction, i.e. the auto- 
correlations with a = L or R. For the cross- 
correlations, they simply satisfy the relation S^^^ — 
~^iAj ^ ^"^RR present two-terminal case, as we 
have checked. It should be noted that for a three-terminal 
structure such a simple relation generally does not hold 
(see, for instances, }37l439j ). 



A. Self spin correlation shot noise 

The numerical results for self-correlation noises in the 
parallel and antiparallel cases are displayed in Fig.[3ja)- 
(b) and Fig.|31[a)-(b), respectively. There is a symmetry 
between 5*^^ and S'^^ with respect to the spin polar- 
ization, i.e. Fig.ISfa) versus (b) and Fig.l^a) versus (b). 
Therefore, it needs only to consider either 5^1, or S}^. 

Let us first consider the parallel case. For in 
Fig.[3l[a), it increases monotonically with the polariza- 
tion p, but decreases as the interdot coupling strength 
r2 grows. Remarkably, we observe a strong super- 
Poisson behavior. This novel behavior can be under- 
stood in terms of the so-called dynamical spin blockade 
mechanism [2^ l37l - [39l |. The Coulomb interaction pre- 
vents a double occupancy of the coupled dots, there will 
be competition between tunneling events for spin-up and 
spin-down electrons. The characteristic time for these 
two processes, due to polarization, is unequal: there is 
fast tunneling of spin-up electrons and slow tunneling of 
spin-down electrons through the system. The spin-down 
electron, which spends a long time on the dot, blocks 
the fast tunneling of the spin-up electrons. Eventually, 
for a large value of polarization, a mechanism of fast-to- 
slow channels is developed, which leads to an effective 
bunching of tunneling events and, consequently, to the 
supper-Poissonian shot noise. 

Note that a strong Coulomb interaction is essential to 



the bunching behavior of tunneling events, otherwise the 
spin-up and spin-down electrons will transport through 
the system independently, and consequently, the noise 
remains sub-Poissonian[i2|. The super- Poissonian noise 
can be realized as long as the electrodes are properly and 
sufficiently polarized. This finding is different from the 
double dots coupled in serial [2^, where a strong interdot 
coupling is required for the super-Poissonian noise. 

For the antiparallel alignment, the self-correlations 
turn out to be quite different, as shown in Fig.|U[a)-(b), 
Take again for illustration. If the left electrode is 
fully spin-down polarized, tunneling of spin-up electrons 
are suppressed, and thus 5*^], vanishes as p — ^ — 1. In 
the opposite limit of p — ^ 1, a spin- up electron which has 
tunneled from the left electrode into the coupled dots 
will stay there for a long time as the tunneling rate Fr-i- 
is greatly reduced. The tunneling events are thus un- 
correlatcd, and the self spin correlation is Poisson, i.e. 
'S'la = 1- In a wide range in between, the noise is very 
sensitive to the interdot coupling strength. For weak in- 
terdot coupling, as shown by solid curve in Fig.|31Ja) for 
Q, = O.IF, a super-Poissonian noise is developed. Differ- 
ent from the parallel case, here, the so-called dynamic 
charge hlockade^Bt. l40l - |45j is the dominant mechanism 
responsible for the super-Poissonian noise. Electron trans- 
port through the direct path (L— >QD1 — >-R) has a fast 
characteristic time ~ Tl/R' ^^il^ tunneling through the 
indirect path (L->QD1— >-DQ2^- QDl^-R) has a slow 
characteristic time ^ Q,^^ . In the limit where the DDCB 
prevent a double occupancy of the coupled dots, a com- 
petition between these two paths is developed. The slow 
flowing of electrons through the indirect path modulates 
electron transport through the direct path, which leads to 
a bunching of tunneling events, and finally to the super- 
Poissonian noise of 5*^1, . 

In this case, both DDCB and a weak interdot cou- 
pling are essential to the super-Poissonian noise. If 
the interdot coupling strength is enhanced, the charac- 
teristic time of electron tunneling through the indirect 
path would increase, and the competition mechanism is 
spoiled. Consequently, the self-correlation noise is sub- 
Poisson, as shown respectively, by dashed (f2 = 0.2r), 
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FIG. 4: Self spin correlation shot noises in antiparallel configuration for different interdot couplings: = O.IF (solid curve), 
n = 0.2r (dashed curve), = F (dotted curves), and = SF (dash-dotted curve). Other parameters are the same as in Fig.|3l 



dotted (ri — F), and dash-dotted (il = SF) curves in 
Fig.Ha) and (b). 



B. Mutual spin correlation shot noise 

We now turn to the discussion of mutual spin correla- 
tion shot noise, i.e. S]^^ or S]}-^. They simply satisiy the 
relation S]^^ = S'|^. The numerical results are displayed 
in Fig.jSjc) and Fig.lH^c), for the parallel and antiparallel 
cases, respectively. In both cases, the mutual correlations 
are symmetric to the polarization. 

For the parallel case, simple expression for the mutual 
correlation is available 



Sl}n — S'it, — 2e J 



2FlFr 



2(4Fl + FR)2r!2 (4rL + Fr,; 



.(13) 



The first part gives a positive contribution, while the sec- 
ond term shows reduction effect. It implies that the spin- 
up and spin-down currents may be either positively or 
negatively correlated, depending on the polarization and 
interdot coupling strength. For strongly coupled dots, 
the mutual spin correlation is ]ully negative^ as shown 
by dotted (fi — F) and dash-dotted (fJ — 5F) curves 
in Fig.[3l^c). However, if the two dots are weakly cou- 
pled to each other, the mutual correlation clearly demon- 
strates its sensitivity to the spin polarization, as dis- 
played by solid (f2 — O.IF) and dashed (17 = 0.2F)curves 
in Fig.|3ljc). Negative mutual correlation is found if the 
electrodes are sufficiently polarized, but positive correla- 
tion can be formed provided the electrodes are weakly or 
moderately polarized. 

The numerical results of the antiparallel case are dis- 
played in Fig.llljc). For sufficiently polarized electrodes, 
i.e. p — ^ ±1, both spin-up and spin-down currents are 
greatly suppressed, and thus the mutual correlation van- 
ishes. For weak interdot coupling, the mutual correlation 
is positive definite, as shown by the solid iVl — O.IF) and 
dashed (fi = 0.2F) curves in Fig.l^Jc). As interdot cou- 
pling strength increases, the mutual correlation may be 
either positive or negative, depending on the degree of 



spin polarization in the electrodes. That is, for sufficient 
polarization, the spin-up and spin-down currents are pos- 
itively correlated, while negative mutual correlation can 
appear provided the electrodes are weakly spin polarized. 

In concluding this subsection, we note that the super- 
Poissonian self spin correlation does not necessarily imply 
a positive mutual correlation, as shown by the dashed 
and dash-dotted curves in Fig.lSjc) for the parallel case, 
where the spin-up and spin-down currents are negatively 
correlated. Also, the sub-Poissonain self spin correlation 
and the negative mutual correlation does not have a one- 
to-one correspondence, as displayed by the dashed curve 
in Fig.Ul^c) , where the mutual correlation is fully positive. 



C. Total charge and spin current noises 

The total charge and spin current noises are readily ob- 
tained via proper combination of those components of the 
spin- resolved noises, according to Eqs. (Pa|) and (j9b[) . The 
results for the parallel case are displayed in Fig.[5l and 
those for the antiparallel case are shown in Fig. [5] Here, 
most features such as the sub-Poisson and super-Poisson 
behaviors can be understood in terms of the above inter- 
pretation to the partial spin-resolved noises. 

To complete this section, we consider all kinds of noises 
discussed above in the limit of ^» = 0. In this unpolarized 
situation, simple analytic results can be obtained. The 
self and mutual spin correlations read respectively. 



aa cto. 



1 - 



4FLrR 

4Fl + Fr (4Fl + FR)2r!2 



R 



p2p2 
^ R 



4FLrR 



(4Fl + Fr)21]2 + Ff 



(14a) 
(14b) 



The total charge and spin noises are thus obtained via 
Eq.dHl), 
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4Fl + Fr (4Fl + Fr)202 
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(15a) 
(15b) 



7 



Co 



1 Pl=Pk=P 


jl 
1 
\ 


<\ 
" (. V 
V ^ - 


It 


V 


■) 







in (S 

Co 



1 

■ ll 


Pl=Pk=P 


II 
1 
I 




— n=o.ir 




\\ 


n=o.2r 




\\ 


...n=r 


/ i 




--n=5r y 











-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0 

Polarization p Polarization p 

FIG. 5: Total charge and spin current noises in parallel con- 
figuration, obtained by appropriate combination of the spin- 
resolved noises as shown in Fig. [3] according to Eq. Q. Other 
plotting parameters are the same as in Fig.[3l 
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Polarization p 



0.5 0.0 0.5 1.0 
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FIG. 6: Total charge and spin current noises in antiparallel 
configuration. Other plotting parameters are the same as in 
Fig.El 



Remarkably, the total spin noise is Poissonian. This re- 
sult can be interpreted in the following way. In pres- 
ence of a strong Coulomb repulsion, each junction is se- 
quentially crossed by elementary wave packets with well- 
defined but uncorrelated spins at p = 0. It implies very 



short time correlations therefore the total spin exhibits 
Poisson statistics [l4ll. 



VI. CONCLUSION 

To summarize, based on the spin-resolved quantum 
master equation, we investigated the spin-dependent 
transport through T-shaped double quantum dots which 
is connected with ferromagnetic electrodes. The modu- 
lation of the interdot coupling, as well as the interplay 
between Coulomb interactions and spin polarization in 
the ferromagnetic electrodes give rise to a number of re- 
markable behaviors in the spin-resolved noises, such as 
super-Poissonian self spin correlations noises, as well as 
positive and negative mutual spin correlations. These 
unique noise features can serve as additional tool in ex- 
periments for revealing the intrinsic interdot coupling, as 
well as the involving Coulomb interactions. 

Finally, we briefly discuss the measurement of spin 
current shot noise. It was shown in |46| that in hybrid 
ferromagnetic-normal metal structures, the spin current 
noise exerts a fluctuating spin torque on the magneti- 
zation vector, which causes an observable magnetization 
noise. By measuring this magnetization noise, which has 
been realized experimentally [47j . one then obtains the 
spin current noise. 
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